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Abstract
Obsolescence is a widespread “hazard” to the built environment, which often leads to the demolition of buildings that 
still have years of remaining service life.  This paper identifies eleven design-based “enablers” (strategies) for creating 
adaptable buildings that are resistant to obsolescence. The perceived effectiveness of the enablers was studied through 
a survey of design professionals. Statistical analyses of the survey results were conducted to compare responses 
between different groups of design professionals. While the results are considered preliminary, they do suggest that 
some of the enablers are viewed as being significantly more effective than the others.  Further work in quantitative 
modeling of building adaptability is to follow, as we hope to promote sustainability by empowering designers with 
tools that can best enable the adaptive reuse of buildings.
© 2015 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of organizing committee of the International Conference on Sustainable Design, Engineering 
and Construction 2015.
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1. Introduction
In his book How Buildings Learn, Stewart Brand [1] quipped, “All buildings are predictions. All predictions are 
wrong.” This notion is particularly true as our society confronts unprecedented and accelerating trends in, for example, 
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urbanization, political instability, terrorist activity, climate change, and technological transformation. Thus there is 
value in adaptability, in large part because it is difficult to predict the changes that necessitate adaptation. In the context 
of buildings, “rather than attempt to predict the future and design permanent [building] structures… we are probably 
better off in acknowledging our inability to make predictions and instead design for easy adaptation and material 
recovery” [2]. This paper defines adaptability as the ease with which buildings can be physically modified, 
deconstructed, refurbished, reconfigured, repurposed and/or expanded.  Adaptability enablers are defined as those 
strategies, practices, processes, and conditions that facilitate adaptation.
In a study conducted in Minneapolis/St. Paul, MN in 2004 [3], it was found that up to 60% of all building 
demolitions were due to obsolescence. This result suggests that the current way that we design buildings—to perform
predicted functions—is not adequate and is leaving our buildings prone to obsolescence. Hence, it is proposed here 
that adaptability can be used to promote sustainability, preserve the embodied energy, carbon, and costs already 
invested in existing building materials, and help prevent unnecessary demolitions.
In keeping with the admonition to “design for easy adaption,” this paper has two objectives. The first is to 
summarize the enablers of adaptable buildings as found in existing literature, particularly those that are within the 
control of building designers. The second objective is to quantitatively study the relative importance of the different 
enablers. To that end, results of a preliminary survey are presented in which 20 design professionals rated enablers 
according to their effect on adaptability.
2. Design-based Enablers
Enablers of adaptability can be characterized as being design-based or process-based [4]. Design-based enablers
are aspects of a design that can be manipulated to increase the potential for adaptability; process-based enablers are 
characteristics of supply, construction, and operational systems that increase the system’s ability to adapt and 
accommodate change. An extensive review was conducted on relevant literature in the construction, structural, and 
architectural disciplines. Given the intended audience of building designers and stakeholders, design-based enablers 
are the focus of this paper. Eleven design-based enablers of building adaptability were identified [5] and are discussed 
here in greater detail.
Layering of Building Components and Systems: As characterized by Brand [1], building components and 
systems are modified and replaced at varying rates. According to their replacement frequencies, Brand illustrates 
these systems as the “6 S’s”: Site, Structure, Skin, Services, Space Plan, and Stuff, as shown in Fig. 1. Layering of 
elements is one of the most commonly reported design-based enablers [6–12]. The physical and functional 
separation of elements allows for maintenance, adaptation, or replacement with minimized effect on other elements. 
For example, structural elements such as beams and columns should be separated from service elements such as 
HVAC ductwork. 
Accurate Information: Clear and accurate information regarding the as-built and in-situ condition of a building 
assists designers in making appropriate decisions in adaptation projects, and minimizes risk and uncertainty
[1,9,10,12,13]. Access to documentation such as building plans, models, photographs, material test reports, and use 
and maintenance records contribute to the design for adaptability. Building Information Modeling (BIM) is a powerful 
tool for organizing and sharing this information. Accurate information can also be collected through visual assessment 
and physical testing, which is often required even when documentation from other sources is available.
Fig. 1. Variable age of building layers (after Brand [1])
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Fig. 2 (a) Steel beam to concrete slab removable connection ([14], used with permission); (b) Precast concrete beam-to-column removable 
connection ([15], used with permission).
Reserve Capacity: Changes in the function of a building often result in changes to the required design loads. 
Accordingly, buildings can be initially designed to accommodate a potential increase in future loads, such as due to a
change in load path or addition of new mechanical equipment [6,11,13,16,17]. Structural components with reserve 
capacity are often better able to withstand damage during their service life, resulting in higher end-of-life salvage 
values. Reserve capacity can also support changes in load due to legal and natural occurrences, such as adjustments 
for code compliance or increasing wind and flood loads due to climate change [18,19]. Integration of reserve capacity 
is most effective in building components with a low replacement frequency, such as structures and foundations. In 
systems and components that are modified and replaced with greater frequency, reserve capacity is less effective and 
should be considered in terms of system and component layering.
Design for Deconstruction (DfD): Designing for deconstruction (DfD) accounts for the end-life of buildings at the 
initial design stages. Components are designed with the intention of retaining functional value after disassembly such 
that they can be reused in another project. For example, DfD techniques avoid drilling large holes into solid members 
and welding connections, since these actions may cause difficulties in deconstruction and limit component reuse. The 
direct reuse of components both reduces the amount of waste in a landfill and bypasses the energy required to recycle 
the component. Numerous DfD guides have been published [9,12,20,21] and DfD concepts have been widely 
discussed in other technical literature [7,10,22–24]. The DfD enabler necessitates an emphasis on connections and is 
often coupled with the mechanical connections enabler.
Mechanical Connections: Utilizing simple mechanical connections can enable the removal and addition of 
components during or at the end of a building’s life [9,10,12,20,24,25]. Wherever possible, connections should not 
deter the reusability of components. Composite glues/welds can be difficult to remove, thus limiting the options of 
reuse or recycling. One example of a mechanical connection designed to facilitate deconstruction and reuse is the steel 
beam-to-concrete slab connection shown in Fig. 2. This connection can replace the common beam-slab connection 
that relies on concrete-embedded steel studs, and is designed to facilitate composite structural action as well as 
separation at the end of each component’s service life. Mechanical connections can also be used in precast concrete 
construction, such as in the beam-to-column connection detail shown in Fig. 2.
Access for Assessment: The lifespan of mechanical and electrical components, such as electrical fuses, is often 
shorter than that of the structural elements and so they must be accessed to determine the functionality of the 
component and, if needed, replaced. Access for assessment can be achieved through layering of building systems and 
components or through designated access points. The primary intent of this enabler is to facilitate assessment 
procedures that do not negatively interfere with components adjacent to the one in question [11–13]. Remote sensing 
and health monitoring can be used to supplement or, when necessary, in lieu of visual inspection.
Simplicity: Simplicity within a structural system creates easily understood load paths and thus reduces uncertainty 
for designers working on adaptation. Examples include the use of larger but fewer members, and the use of repeating 
layouts and grids [9,10,12,26,27]. The use of fewer but larger members results in fewer connections that must be 
disassembled and increases the likelihood of salvageability. While correctly predicting the future of a building is 
unlikely, designing a straightforward load path can help future designers understand which members are critical for 
structural integrity, and how those members might be modified or replaced.
Commonality: Commonality and modularization are similar concepts that have been described as enablers by many 
a b
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authors [6,9–12,25,26,28]. To distinguish between these enablers, this paper proposes that commonality be defined as 
using the same component sizes and construction details throughout a building. Repetitive use of the same components 
and details helps to create replacement and adaptation schemes that can be systematically reused, which averts 
customized construction and facilitates universality. Through the use of common components and details, 
commonality also reduces uncertainty.
Modularity: To distinguish modularity from commonality, it is defined in this paper as the standardization of 
components sizes and interfaces; meanwhile, commonality involves the number of different types of components and 
modules. Thus, a building can have a high degree of modularity and a low degree of commonality if it is built entirely 
of standardized modules and interfaces, but each module is different. Children’s plastic building blocks, which are 
interchangeable and can be combined to create a variety of forms due to standardization, provide a simple example of 
modularity. Modularity can be applied to buildings at many scales. For example, individual structural components, 
reconfigurable office cubicles, and even rooms can be modularized. (See [29,30] for modular rooms currently on the 
marketplace.)  The effectiveness of modularity is enhanced when combined with connections that aide in easy removal 
and replacement of modules. Modularity has been widely reported as an enabler of adaptability in literature 
[6,9,11,12,25,28].
Appropriate Materials: Using appropriate materials can affect adaptability in multiple ways [9,10,12,20,24,27,31].
For example, buildings made of durable non-toxic materials are good candidates for adaptive reuse projects; durability 
of materials is critical in components that are intended to outlive a building’s functional life to be reused in another 
project; and composite materials should be avoided since they are unconducive to deconstruction and recycling. 
Buildings containing harmful materials (e.g., asbestos) are less attractive for adaptive reuse because of the risk and 
cost associated with removal or containment.
Open Plan Layouts: Open plan layouts, free of structural, mechanical, and other obstructions, allow for adaptation 
of interior spaces with reduced or no impact on the existing structure and systems [1,27,32–34]. This enabler is 
common in commercial buildings where tenants wish to reconfigure the plan layout to suit their needs. Additionally, 
warehouses, which have large, open, and sub-divisible spaces that require little change to primary structural systems, 
are often converted into apartments and studios. In a sense, open plan layouts are a special case of the layering enabler.  
By keeping large portions of the building free of components in the structural and service layers, components in the 
space plan layer can be more easily reconfigured to suit changing functional requirements.
3. Expert Survey
A survey was conducted to quantify the relative effectiveness of each design-based enabler. The literature review, 
summarized in the previous section of this paper, was used as the basis for creating the survey content. While previous 
surveys of design professionals have focused on design-based and process-based enablers [31,35,36], the current 
survey is the first to focus exclusively on design-based enablers and to include participants from a broad range of 
design and construction disciplines.
3.1. Methodology
Participants for this survey were recruited through referrals from professional organizations and through the first 
author’s professional network. Approximately 40 professionals with experience in reuse and adaptation projects were 
recruited, and all survey activities were conducted via email. Of the 20 participants who responded, all work primarily 
in the United States, and the group has collectively worked in all areas of the country. The group of participants had 
21 years of experience on average.
Participants were grouped into four categories: construction managers, architects, structural engineers, and others. 
Each group was comprised of five individuals. The “others” category had two participants with expertise in building 
envelope design, two with expertise in mechanical (HVAC, plumbing) engineering, and one with expertise in Building 
Information Modeling (BIM) and design management. The primary goal of the survey was to elucidate the relative 
effectiveness of the enablers; however, the groups were designed to support a secondary goal of assessing how 
professionals from different disciplines perceive adaptability. Data analysis also included a means of assessing the 
effects (or lack thereof) of grouping multiple disciplines into the “other” category.
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Fig. 3: Spreadsheet used in expert survey
Survey instructions, description of enablers (similar to those given in Section 2 of this paper), and a data entry 
spreadsheet (Fig. 3) were emailed to each participant. After reading the instructions and descriptions, participants 
rated each of the design-based enablers according to their perceived effectiveness in promoting adaptability. Ratings 
were given using a point system, wherein a total of 220 points were assigned across all enablers. Higher point values 
were assigned to the most effective enablers, and the relativity of point values was significant. For example, an enabler 
assigned 30 points was interpreted to be twice as effective as an enabler assigned 15 points. The total point value of 
220 was chosen for practical reasons; it established a value of 20 points as the neutral score for an individual enabler, 
and allowed participants to assign scores in 5 or 10 point increments. After completing their ratings, the participants 
emailed the spreadsheet back to the researchers, who then aggregated and analyzed the data.
3.2. Overview of results
Fig. 4 presents the eleven enablers in order of effectiveness, as ranked by the survey participants. Data in the figure 
are normalized so that effectiveness of each enabler is reported as a percentage of overall design-based adaptability. 
The values listed in the figure are the average from all survey participants. Because of the survey scoring format, the 
percentages are relative; an enabler accounting for 12% of overall adaptability is considered twice as effective as an 
enabler accounting for 6%.
Based on the survey responses the most four effective enablers are: accurate information about the building (Plans), 
reserve capacity in the building systems (Reserve), separation of building systems according to their rate of 
replacement (Layer), and interior spaces that are free of structural and other elements that cannot be easily removed 
(Open). Respectively, these enablers account for 11.8%, 11.8%, 11.7%, and 11.3% of overall adaptability. 
Fig. 4. Effectiveness of design-based adaptability enablers
3.3. Statistical analyses
The Analysis of Variance (ANOVA) methodology with a 95% confidence level is used to evaluate the statistical 
significance (or lack thereof) of the survey results. We consider the fixed effects model for our experiment, where the 
two variables are adaptability enablers and expert types. Let ௜ܺ,௝ denote the response for enabler ݅ and expert ݆. The 
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model is expressed as:
௜ܺ,௝ = ߱ + ߙ௜ + ߚ௝ + ߛ௜,௝ + ߝ௜,௝ (1)
where ߱ is the constant factor, ߙ௜is the effect of enabler ݅, ߚ௝ is the effect of expert type ݆, ߛ௜,௝ is the interaction effect 
between enabler ݅ and expert type ݆, and ߝ௜,௝ݏ are independent and identically distributed Normal random variables 
with mean zero and a constant variance. Four hypotheses were tested:
x First null hypothesis (H1): All enablers are equally effective in promoting adaptability. Mathematically, this can 
be stated as ߙଵ = ߙଶ… = ߙଵଵ.
x Second null hypothesis (H2): Each grouping of participants has the same perception of enabler effectiveness.  
Mathematically, this can be stated as ߚଵ = ߚଶ = ߚଷ = ߚସ.
x Third null hypothesis (H3): The top four enablers are equally effective in promoting adaptability. This hypothesis 
is redundant with H1, but is conducted as a by-product of testing H2 and H4.
x Fourth null hypothesis (H4): There is no interaction between groups and enabler ratings. Mathematically, this can 
be stated as ߛ௜,௝ = 0 for all ݅, ݆. In other words, the products of the cross means are all equivalent.
Note that in this experiment, by construction, the data are dependent (i.e. they all sum to 220 and have a mean of 
20), and a two-way ANOVA cannot be conducted using the full dataset. Rather, two separate ANOVA tests are used. 
The first is a one-way ANOVA, which uses the full dataset to test H1. The second is a two-way ANOVA, based only 
on ratings from the top four enablers, and used to test H2, H3, and H4.
The results of a one-way ANOVA of the entire dataset to evaluate H1 are shown in Table 1. There is strong 
evidence (p-value ا 0.05) to reject H1; thus the enablers are not equally effective in promoting adaptability. While 
the ANOVA method is useful in determining that the enablers are not equally effective, it does not identify which 
enablers are distinct. The Tukey-Kramer method is used to make comparisons between enablers. Results of the Tukey-
Kramer analysis indicate that the top four enablers (Layer, Plans, Reserve, Open) are significantly more effective than 
the other enablers, but are not significantly different from each other (Table 2). With only two exceptions, the 
remaining seven enablers are not significantly different from each other.
H2, H3, and H4 are tested using a two-way ANOVA based on data from the top four enablers. Limiting the 
ANOVA to this data allows comparison between the four groups of design professionals. It answers the question: Do 
the groups have differing perceptions on the effectiveness of the top four enablers? Results are summarized in Table 
1, and indicate that there is insufficient evidence to reject hypotheses H2, H3, and H4. This suggests that the groups 
have similar perspectives on the effectiveness of the top enablers; that there is no statistical difference between the 
top four enablers; and that there is no significant interaction between the groups and their ratings of the top four 
enablers.
The “other” group included two mechanical engineers, two envelope specialists, and one BIM specialist. 
Accordingly, these disciplines have less representation in the survey sample. Results from the second ANVOVA test 
(Table 1) suggest that this is not of particular concern. The data indicate that perceptions of enabler effectiveness are 
not significantly different amongst the groups. While technically possible that mechanical engineers, envelope 
specialists, and BIM specialists may have distinct perspectives on enabling adaptability, the available data suggest 
that discipline is not a significant factor.
Table 1. Results from ANOVA tests for all four hypotheses. H1 uses a one-way ANOVA comparing enablers based on full dataset. H2-H4 use 
a two-way ANOVA comparing enablers and groups based on data from top four enablers.
Hypothesis Source of 
variation
Sum of variances 
squares
Degrees of 
freedom
Mean of variance 
squares
F-statistic p-value F-critical Result*
H1 Enablers 4306 10 430.6 4.356 0.0000149 1.876 Reject
H2 Groups 178 3 59.2 0.342 0.795 2.748 FTR
H3 Enablers 18.2 3 6.08 0.035 0.991 2.748 FTR
H4 Interaction 1437 9 159.7 0.920 0.514 2.030 FTR
*Reject hypothesis if F-statistic is greater than F-critical, FTR: Fail to reject
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Table 2. Comparison of enabler effectiveness based on Tukey-Kramer
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Plans NSD
Reserve NSD NSD
Open NSD NSD NSD
Simple SD SD SD SD
Modular SD SD SD SD NSD
DfD SD SD SD SD SD NSD
Common SD SD SD SD NSD NSD NSD
Materials SD SD SD SD NSD NSD NSD NSD
Access SD SD SD SD NSD NSD SD NSD NSD
Connections SD SD SD SD NSD NSD NSD NSD NSD NSD
SD: Significantly different at the 95% confidence level
NSD: Not significantly different at the 95% confidence level
The analyses were repeated using the Kruskal-Wallis 1-way ANOVA and the Friedman 2-way ANOVA test, which
resulted in the same conclusions.  These methodologies are nonparametric, meaning that they do not assume 
normality as do the standard ANOVA and the Tukey-Kramer methods.
3.4. Discussion
Analyses confirm that Plans, Reserve, Open, and Layer are perceived by the survey participants as being the four 
most effective enablers, and that they are equally effective. The Plans enabler is unique in this group, and among all 
enablers, because it is not based on the physical features of the building. Consequently, implementing the Plans
enabler is less intrusive and possibly less costly. The Plans enabler is also unique in that it can be affected even after 
a building is completed. Although it is often easiest to collect and compile information during design and construction, 
it is encouraging that one of the most effective enablers can be affected at any time in a building’s life cycle. As 
discussed earlier in the paper, the Plans enabler contributes to adaptability by minimizing uncertainty. The high rating 
of this enabler suggests that uncertainty is a primary barrier to adaptability.
DfD is rated as the least effective enabler. The low rating may be due to the fact that DfD is not commonly applied 
in the United States. It should be noted, however, that enablers such as layering and mechanical connections are often 
reported in the literature are being features of DfD, but are treated as separate enablers in this study.
The survey was limited by having only 20 participants and is thus considered preliminary.  Follow-up studies are 
in progress by the authors and will provide additional insights regarding the effectiveness and limitations of the design-
based enablers.
4. Summary and Conclusions
From an extensive review of literature, eleven design-based enablers of building adaptability were aggregated and 
characterized. Definitions for commonality and modularity were proposed to expand on the descriptions available in 
the existing literature. A total of 20 design and construction professionals were surveyed to rank the relative 
effectiveness of these design-based enablers. Participants had an average of 21 years of professional experience, and 
practice in the areas of architecture, structural engineering, mechanical (HVAC and plumbing) engineering, building 
envelope design, and construction management. According to the surveyed experts, the most effective design-based 
enablers are accurate information about the building (Plans), reserve capacity in building systems (Reserve), 
separation of building systems according to their rate of replacement (Layer), and interior spaces that are free of 
structural and other elements that cannot be easily removed (Open). Statistical analysis indicates that these four 
enablers were ranked significantly (within 95% confidence) higher than the other seven enablers considered in the 
survey. Survey results also suggest that discipline (i.e. architecture, engineering, construction management) is not a
significant factor in how enablers of adaptability are perceived. Although considered preliminary, the survey results 
provide a starting point for comparison of enablers.
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